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VIEWSFROMTHESPACECRAFTDURINGAPOLLOi0 (MISSIONF)

MAY18, 1969 LAUNCHDATE

By Alfred N. Lunde

SUMMARY

The purpose of this document is to visually depict various aspects

of the Apollo l0 (Mission F) lunar flight. Views of the earth and the

moon as seen from the spacecraft are shown during the translunar and

transearth coast phases as well as the view from the spacecraft during

critical maneuvers. The data should prove invaluable in assuring the

crew that maneuver attitudes are correct. All data presented in this

report are for the first opportunity, 72 ° launch azimuth, May 18, 1969
launch date.

INTRODUCTION

The geometry of a lunar mission can be very difficult to visualize.

The primary objective of this report is to provide views from the space-

craft during Apollo l0 (Mission F) because a knowledge of how the space-

craft should be oriented with respect to familiar objects visible from

the spacecraft window would be invaluable for performance of the various

maneuvers.

A detailed visual representation of Apollo l0 (Mission F) for the

May 17, 1969 launch date is presented in reference 1. Because of

the 1-day slip in the launch date, most of the data in reference 1 are

no longer applicable to the Apollo l0 flight. A discussion of the

trajectory geometry and the general information are presented in
reference 1.

In the figures for the lunar orbit phase section, the location of

the planets Venus, Mars, Jupiter, and Saturn has been shown.
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SYMBOLS

c°g.

CDH

CM

CSI

CSM

DOI

E1

center of gravity

constant delta height

command module

concentric sequencing initiation

command and service modules

descent orbit insertion

entry interface

g.e.t, ground elapsed time

hE

hM

LOI

LM

PTC

RE

SEQ

SM

TEC

TEI

TLC

TLI

TPI

V.
1

altitude above earth's surface

altitude above moon's surface

lunar orbit insertion

lunar module

passive thermal control

radius from center of earth

radius from center of moon

star identification number

service module

transearth coast

transearth injection

translunar coast

translunar injection

terminal phase initiation

inertial velocity



DISCUSSIONOFTHEDATA

The geometry associated with the Apollo lO lunar mission is
presented in figures 1 through 5. A detailed description of figures 1
through 4 can be found in reference 1. The nominal F mission rendezvous
is presented in figure 5.

Translunar Injection Burn

The beginning, middle, and end of the TLI burn are shownin
figure 6. The maneuver is executed in a heads downposition. The
horizon is in darkness until toward the end of the burn. The TLI burn
places the spacecraft on its lunar trajectory so that at the end of
the burn the velocity is 35 591 fps.

Earth and MoonViews During TLC

The earth is shownin figure 7 with a constant field of view.
Becausethe earth gets quite small as the spacecraft progresses on its
lunar trajectory, the earth with a variable field of view is presented
in figure 8. The purpose of the enlarged views of the earth is to show
details such as continents and terminator. Becausethese views are almost
identical to the views shownon pages 60 through 77 in reference l,
only a few TLCvariable field views are shownin this report. The
reader who desires to find out what portion of the earth is visible to
the crew every hour during TLC should consult the above mentioned
pages in reference 1.

Views of the moonare presented in figures 9 and 10. Because of
the earth-moon-sun geometry at this particular time, the moonwill be
almost totally dark as viewed from the spacecraft on the approach
trajectory.

Lunar Orbit Insertion Maneuver

The beginning, middle, and end of the L0I burn are depicted in
figure ll. There is a rather large yaw attitude componentduring this.
burn designed to place the spacecraft in an orbit similar to that of the
lunar landing mission. The crew are in a heads downposition during
this burn, and the burn is performed in a retrograde attitude to brake
the trajectory speed so that a lunar orbit maybe achieved.



Lunar Orbit Phase

Various LM events after separation from the CSMand prior to
docking again with the CSMare shownin figure 12. The view from the
commander'sfront LMwindow and from the docking window are shown
with the correct burn attitude for DOIburn, phasing burn, LMdescent
stage Jettison burn, insertion burn, CSI burn, CDHburn, and the TPI
burn. The reader should consult figure 5 for a better understanding
of those views.

Transearth Injection Maneuver

As with TLI and LOI, the beginning, middle, and end of the TEl
burn are shownin the correct burn attitude. This maneuver is a
posigrade burn designed to free the spacecraft from the lunar
gravitational attraction. The spacecraft attains a velocity of
8958 fps at the end of the burn to return the spacecraft to earth in
approximately 54.5 hours.

Post-TEl Views

The four post-TEl views depict the view from the spacecraft as
the earth comesinto view over the lunar horizon. The Southeast Asia
portion of the earth is visible at this time.

Transearth Coast

As with the translunar coast, the views of the earth and the moon
are shownat various times during the coast period (figs. 15, 16, 17,
and 18). During this coast period, approximately half of the earth and
moonare in sunlight as seen from the spacecraft. The spacecraft
leaves the lunar gravitational sphere of influence at approximately
148 hours g.e.t., at which time the velocity will gradually increase
until it reaches 36 309 fps at entry.

Entry

The entry phase is shownin figure 19. The SMis jettisoned
approximately 15 minutes prior to entry interface, and the CMis in a
heatshield forward attitude. The angle between the spacecraft X-axis
and the earth horizon is held at +31.7° , which can be monitored on the
31.7° scribe on the window. The moonis visible during part of the
entry phase. The entry REFSMMAT'swere obtained from reference 2.



(Most of the vectors needed to generate the data shownin this report
were obtained from reference 3.)

CONCLUSIONS

An understanding of spacecraft attitudes with respect to the sun,
earth, moon, and stars is particularly useful to verify maneuverattitudes
normally described by IMUgimbal angles. This information is especially
useful for Apollo l0 (Mission F) because IMU gimbal angles are referenced
to several specific inertial orientations (HEFSMMAT)instead of to
preferred platform alinements.

This report has presented numerousfigures which depict the view
from the Apollo lO (Mission F) windows: star field, earth and moon
terminators, and horizon orientations are included. This information
should prove invaluable in ass_ing the crew that m_ueuverattitudes are
correct.
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NODE LINE
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Y

DIRECTION OF PRECESSION

IN ECLIPTIC PLANE

Figure l.- Illustration of lunar orbit plane in year 1969-inclination

angle (i) _ 28 °, right ascension of ascending equatorial node (_) --5 °.
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Figure 2.- Sun and moon location at major phases during Apollo 10 (Mission F).
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NOTE: For all maneuvers crew in heads-down

position relative to the earth or moon

TLI
End

Begin

Figure .3.- A schematic of the maneuver attitudes and lighting conditions for the
nominal Apollo 10 (Mission F).
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Figure 5.- F mission nominal rendezvous.
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Figure 6- Translunar injection bum
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Figure6.- Continued.
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Figure 6.- Concluded.





o



37



38
q

"I0

>:

20

10

-10

-20

RE "-24 019 n. mi. hE = 23 681 star.mi.

V. = 13 352 fps Fieldofview= 40 ° V.= 9104 mph
I

I

L

.... I ......... L ......... L ........... L ......... t...

-20 -i0 0 i0 20

X, nd

q

20

10

o __

- -10

-20

q

(a) G.e.t. = 5 hours.
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Figure 7.- Continued.
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47

RE -- 160 600 n. mi.

Vi -- 3793 fps Field of view ==3 e

hE ==180 853 star. mi.

V i == 2586 mph

RM = 27 254 n. mi.

V i = 3844 fps
Field of view = 3 °

Xe nd

(e) G.e.t. =: 45 hours.

hM== 30 284 star. mi.

V i = 2621 mph

-<

Field of view = 3 =

hM = 2436 star. mi.

V i = 3821 rnph

X, nd

(0 G.e.t.= 65 hours.

Figure 8.- Concluded.

X, nd

(g) G.e.t. = 75 hours.



49



5o

SE_ 150 186 205 207 222 230 231 2q8 26_ 270 271 2_!

X 21 0 11 2n 21 -20 2 -7 -2_ 1_ _ -11

Y -17 -21 -3 S 9 -17 -I -3 -9 17 12

301

-21

8

e-.

2O

10

-lO

-2O

RE = 52 882 n. mi. hE = 56 896 star. mi.

V i = 8541 fps Field of view = 40 ° Vi = 5823 mph
-, , , , , , , , , • , , , , , , , , , , , , , • , , , , , , • , , • , , , , ....... , , • •

Capella .--_

f Betelgeuse

O

t

_ Aldebaran--_

.... I ......... I ......... _ ......... I ......... I .

-20 -I0 0 i0 20

X, nd

2O

10

-lO

-2O

(a) G.e.t. = 10 hours.

Figure 9 .- Translunar coast-constant field of view (moon).



51

¢-

>:

20

lO

-10

-2O

SE@ lqq ibo 186 205 207 222 230 231 2q_ 270 _7| 2@!
X 16 21 0 9 17 17 -20 0 -? 10 2 -iq
Y -ZU "11 -18 0 11 lb -17 2 01 21 IS 7

RE = 93 028 n. mi. hE= 3.03 440 stat. mi.

V i = 5950 fps Field of view = 40 = Vi = 4043 mph
• , , • • , , , . , , , .... , .... • , , , , , , • , , , , , ...... , ........

Capella .-_

e

A Idebaran--_

.... | ......... t ......... I ......... t ......... I...

-20 -i0 0 I0 20

X, nd

-2't
II

2O

10

-lO

-20

.<

¢3.

(b) G.e.t. = 20 hours.

Figure 9.- Continued.



52

SE*_ 1_q Ibn 151 1_a 2_5 207 222 230 231 2_8 270 271 281

X la 2n 2q n 7 IS I_ -20 -2 -10 6 0 -17

Y -J6 -7 I -la 3 I_ lB -16 _ 0 2q Ig B

-C3

>-

20

lO

-lO

-20

RE= 123 687 n. mi. hE= 138 375 star. mi.

V i = 4782 fps Field of view = 40* Vi = 3260 mph

Capella ._

0

AIdebaran_

.... I ......... I ......... ! ......... I ......... I...

-20 -I0 0 lO 20

X, nd

20

l0

..<
0

-10

- -20

(c) G.e.t. = 30 hours.

Figure 9.- Continued.



53

5_Q I_ 15 U Ib! |8_ 2U5 207 22Z 2JO 23! 2q8 27_ 271 Za|

x 16 Z_ 2_ iJ 7 IS Iq -20 .2 .10 6 0 -17
Y -16 "7 I "16 3 lq 18 -16 q 0 2q 18 e

RE = 149 206 n. mi. hE = 167 742 stat. mi.

V i = 4067 fps Field of view = 40 ° Vi = 2773 mph

¢-

>:

20

lO

0

-lO

-20

0

AIdebaran-_

Surl%

.... i ......... I ......... I ......... I .......... I.,.

-20 -lO 0 10 20

X, nd

2O

lO

-<
0 "

-lO

- -20

(d) G.e.t. = 40 hours.

Figure 9 .- Continued.



54

"13
c-

>:

2O

10

-10

-20

5E(_ 1_ 1_0 ISl lea 2nS 207 222 230

x Is 17 21 -_ _ 10 9 -21

Y -12 -2 6 -13 6 IR 22 -16

R E-'- 171 265 n. mi.

V.-'- 3557 fps
I Field of view = 40 °

A Idebaran'N_

-2O -10 0

X, nd

23! 2_8 271 281

-5 "13 -5 -21

1 20 9

hE = 193 127 slat. mi.

V. = 2425 mph
I

_--Capel la

10 20

2O

10

-<

(e) G.e.t. = 50 hours.

Figure 9 .- Continued.



55

SLW 1_ 150 lbl IB6 _OS 207 222 2_0 231 2_8 271 281

x 15 17 21 -I _ 10 9 -21 .S .13 .S -21

Y -12 -2 6 -13 6 18 22 -16 6 | 20 9

2O

10

= 0
>:

-10

-20

RE= 190 809 n. mi. hE= 215 619 star., mi.

V i = 3182 fps Field of view = 40 ° Vi = 2170 mph
, , , , ..... , , , , . , , , , , ........ , , .... , ...... i,s ...... ,,, ,

_ . Capella--_

Aldebaran-_,

.... t ......... I .......... I ......... I ......... I...

-20 -I0 0 I0 20

X, nd

20

10

0

-10

-20

-<

(f) G.e.t. = 60 hours.

Figure 9 .- Continued.



56

e-

20

10

0

-10

-2O

!1| Ill 112 .IN_ ISO lfl |06 !_! ,_G7 ]2Z ._1 ZNI .270
,_ 18 21 o,1 ) 1? ,_1.2 ? 21 2q 2 -? 23
V ,-la _16 ,o1,1 -7 -S 2 8 ,_C L3 16 20 _a2

ki
,=4

RM = 15 709 n. mi. hM = 16 997 slat. mi.

Vi = 4031 fps Field of view = 40 ° Vi = 2748 mph

Aldeloaran-_

e

-20 -i0 0 i0 20

20

10

0

-10

-20

X, nd

(g) G.e.t. = 70 hours.

Figure 9.- Concluded.



• 57

RE = 52 882 n. mi.

V i = 8541 fps Field of view = 1 =
hE= 56 896 stat. mi. RE= 93 028 n. mi. hE= 103 440 stat. mi.

V i = 582.3 mph V i = 5930 fps Field of view = 1 ° V i = 4043 mph

RE= 123 687 n. mi.,

V i = 4782 fps

X, nd

fa) G.e.t. = 10 hours.

Field of view = 2 °

×, nd

(b) G.e.t. m 20 hours.

hE= 138 375 stat. mi. R E = 149 206 n. mi. hE= 167 742 star. mi.

V i = 3260 mph V i = 4067 fps Field of view = 2 ° V i = 2773 mph

X, nd

(c) G.e.t. = 30 hours.

Figure 10.- Translunar coast - variable field of view (moon).

X, nd

(d) G.e .t. = 40 hours.



58

Y, nd

N

II II

c

IIi_ It._

/

Y, nd

J

9

3

l

E

Ln

,-_ cu

II li

II

,,-i r_

lli_J II

pu J_,

is



59



6o

2o

lO

"-o
c-

O

-lO

-2O

'3h_ f;3!_ hhl _)9 S_'O _,_I_ _9'f 61t3 639 6ql 6q5 651

k *I -Ju -;'3 :9 -la -_3 II ZZ -la -I_ 17

y -2,I -I I [I -'_ ;I '+ -5 -'I 7 B -I

5t. ',_ 66lJ 6118

X -16 "lq

Y 10 13

RM = 1028 n. mi.

V = 8251 fps

69(j I _a 7_3 ;'_5 7L) I 755 759

19 -', -¢: ] _4 -a 2'f -9

Field of view = lO0 °

hM = i02 star. mi.

V. = 5626 mph

I

I

I

/

I

I

I ..

/
/

Alphecca-/"

Denebola-x%

.... I ........... 1 ......... I ......... I ......... I...

-20 -i0 0 i0 20

X, nd

(a) Begin LOI (g.e.t. = 75:45:43.2).

Figure 11 .- Lunar orbit insertion burn.

2O

lO

-lO

-2O

-K



61'

c-

>:

2O

10

-10

-2O

-- 24 :L5 _'1| -|2
y -_0 -2.1 ";0 _-7 "11 '=It _-_,S 0 "ILl

¥ ,,6 "2 11 |

RM = 1001 n. mi. h M = 71 star. mi.

= 7013 fps V. = 4782 mphVi Field of view = 100 ° I

/ /
/ /

/ /

/,-Alphecca

Gienah j • Alka!d-_

,_-Denebola

.... t ......... I ......... I ......... I ......... I ,,,

-20 -10 0 10 20

X, nd

(b) Middle of LOI (g.e.t. = 75:48:45.2).

Figure 11.- Continued.

2O

10

0

-10

-2O

-<

.-I



62

SEQ
X

Y
-19 2C 21 -22 -$6 %a 14

-10 -6 -17 -IB -%1 % -lS 0 "22 | -6 2

e-

>:

20

10

R M = 997 n. mi. hM = 67 stat. rni.

V i -" 5485 fps Field of view = 100 ° Vi = 3740 mph

L' '
.Q

/
/ /

/ /
/

/ I
f

.,f-Alphecca

20

10

0
..<

-10

-20

fGienah

,_Denebola

Alkaid-_

-10

-20

-20 -10 0 10

X, nd

(c)End ofL01 (g.e.t.= 75:51:44.7).

20

Figure ii.- Concluded.



63



6b

x ZN 17

SEQ _u7 =u9
X zz z_
y _ 9

SEQ 6oN |oel
X lu -_

Y z_ |u

_Q| 3ql _q9 366 }62 376 ill Ji| q21 qqU qT} N@U

12 "lq L7 3 |q "ZU o|_ -2q -_3 w7 1 b

"23 "2_ -13 "|9 "|3 "19 "19 -]9 "13 fib O J

_|_ bJ_ bqU b_l b66 blu $77 b_U $8_ b92 593 b9b

U ZU -16 -_U -9 _l II -2 21 °IS "2]

U II 13 II 12 Ii I_ 19 IU 2Q iQ I@

20

R M = 996 n. mi. hM = 67 star. mi.

V i = 5349 fps Field of view = 100 ° Vi = ,3647 mph

i Aikaid-FSpica-_ . .

. -Q

10

Denebola_

• Jupit.er._ .%,
_X-Gienah

20

10

-0
¢-

-<

0 =

-10

Alphard-,,%

-2O
Procyon

-20 -I0 0 I0

X, nd

(a)Begin D01 burn - frontwindow (g.e.t.= 99:33:51).

Figure 12.- Lunar orbitphase.



65

>:

$L_ _qS b61 b66 S_? b7_ $89 $93 b9b $99 6|G 617 621 6Zq 6q l
x °2_ 02_ -9 -2| -_ -13 O -6 020 16 -22 -1| |7 -|_
Y "16 -11 -2_ -lq -IU -16 "21 -18 m9 -2| wE -|Z -|8 °B

SE_ bq_ oqb 6hi 6bb 66u 673 68B 69 U 7UU 7|7 719 72q 736 7q3
X -zl -|b 21 u -l_ q -lO Z_ 12 _ -1 0 "2 02
Y -3 -6 "lb "1| .6 -_ -Z "9 "6 "Z -2 -2 O i

SEQ l_b 7_! 763 151 759 17u 7iJ 789 79U 793 19b 797 dO2 803
X Zl -3 b -2_ -6 3 -16 -7 =|i -7 17 *|O .8 lj
y -_ Z ! _ 3 S 7 B 1 8 • 8 9 6

SEQ _a6 _NI _,o,t 841 811 _3 IUIIQ

X -.l -6 -I -z -N -_u "I
y la la i_ 17 17 l_ 3

2O

10

0

-10

-2O

R M = 996 n. mi. hM = 67 slat. mi.

V. = 5349 fps V. = 3647 mph
= Field of view = 100 ° J

' 20

%_'-Peacock Nun!i."_

D

Q

'_ Atri a

• %,-Rigil

c-Beta. Crucis "

Menkent-,.,,%

,ia* 
Antares •

Rasalhague J

Alphecca-_

• Arcturus-,_

Spica" _

.... I ......... !' ......... I ......... I ......... I...

-20 -i0 0 i0 20

10

0

-10

-2O

X, nd

-<

e_

(b) Begin DOI burn - docking window (g.e.t. = 99:33:51).

Figure 12,- Continued.
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Figure 12.- Continued.
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Figure 12.- Continued.
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Figure 12.- Continued.



7o

R M=955 n. mi.

V. " 5680 fps
I Field of view = 100 °

hM = 19 star. mi.

V. = 3873 mph
I

20 20

10 10

e-

¢
0

-10

-20

-20 -10 0 10

X, nd

20

(g)End phasingburn - frontwindow (g.e.t.= I00:47.03).

Figure 12 .- Continued.
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hM-'- 8734 stat. _1. , RE = 179 288 n. mi.

V i = 3724 mDh . V.= 4876 fps Field oF view = 4"

hE = 202 358 stat. m].

V i = 3324 mnh

>:
I%' ;'_._t. o,.,%, ?' ". '_ .,_

R E = 149 473 n. mi.

Vi- 5338 f;_s

X, nd

(a)G.e.t. _ 140 hours..

Field of view = 4 °

hE = 168 046 stat. mi.

V i = 3640 mph

R E= 116 265 n. mi.

V i = 6097 fps

X, nd

ea)G.e.t. = 150 hours.

Field of view = 2 °

E = 129 832 star. mi.

V i = 4157 mph

X, nd

J/
(c)G.e.t.= 160 hours.

X, nd

(d)G.e.t. = 170 hours.

Figure 16.- Transearth coast variable field of view (moon).
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Figure 17.- Continued.
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Figure 17.- Continued.
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RM= 1922 n. mi. hM-- 1152 stat. ml.

V i = 7266 fps Field of view= 3 ° V i = 4954 mph

I

X, nd

(a) G.e.t. = 138 hours.

RM = 5296 n. mi.

v!=582__, Field of view -- 3 °

'] .........

hM == 5014 star. mi.

V i = 3970 mph

It

X, nd

I G .e.t. = 139 hours.

>:

RM = 8528 n. mi.

V i = 5462 fps Field of view = 3 °

I

hM = 8734 star. mi.

V i -- 3724 mph

,_ _i_".'_

I ......

X, nd

(c) G.e.t. = 140 hours.

RM== 11 666 n. mi.

V i --" 5297 fps Field of view= 3 °

1

hM-- 12 346 slat. mi.

V i --"3612 mph

:<

X, nd

i'd) G.e.t. = 141 hours.

Figure 18.- Transearth coast - variable field of view (earth).
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RM == 14 747 n. ml.
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>:

RIM = 20 812 n. mi.
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hM != 15 891 stlt. mi.

Field o! iiq_'Ii=3" V I " 3547 _h

........... ,.,,L ........ '..'J'L

X, nd
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I
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t R M • 17 792 n. mh hM = 19 394 stilt, mi.
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j ....................... I .........................

I
r - • • • -

X, nd
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X, nd

(h) G .e.t. = 145 hours.

Figure 18.- Continued.
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X, nd
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Fibre 18 .- Continued.
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I
X, nd
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Figure 18.- Continued.
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Figure 18.- Continued.
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Figure 18.- ContLnued.
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V i = 5595 fps

Field of vieW = 3 °

X, nd

(y)G,e.L. = 162 I'murs,

Field of view= 3 °
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!
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V i -- 3723 mi3h
I!R E _ 139 944 n. mi. hE : 157 082 star. mi.

, V i : 5526 fps Field of view--- 3" V I : 3768 mph

i
X, nd

(z) G .e.t. = 163 hours.
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RE= 133 403 n. mi. hE= 149 555 siaL. mi.

V i= 5668 fps Field of view - 40 Vi = 3865 mph

i

X, nd

(aa) G.e.t. = 164 hours.

Figure 18.- Continued.
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Figure 18 .- Cont}nued.
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RE = 116 265 n. mi. hE = 129 832 s_t. mi,

V i = 6097 fps Field of view = 4" V i = 4157 mph

X, nd
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RE = 109 038 n. mi.
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(ii) G.e.t. = 172 hours.
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Field of view-- 4 °
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X, nd
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]

X, nd
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Figure 18.- Continued.
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,Ire 18,- Continued.
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l

i

R E= 81 457 n. mi. hE = 89 776 stat. mi.
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(oo) G.e.t. : 178 hours.
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=
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=
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Figure 18.- Continued.
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RE= 47 938 n. mi. hE= 51 204 stat. ml'.l

V i = _)689 fps Field of view-- 10 ° Vi = 6606 mh

X, nd

(ww) G.e.t. = 186 hours

RE = 42 252 n. mi.
/ hE z 44 661 stat. mi.

Vi m 10 338 fps V i = 7049 rnphi Field of view= 13" ,

\ /

i

X, nd

('×x)G.e.t. = 187 hours.

R E = 36 182 n. mi, h E = 37 674 stat. mi.,

V i = 11 192 _s Field of view= 13 ° V i = 7631 mph

" /\/_

X, nd

('yy) G.e.t. = 188 hours.

R E = 29 603 n. mi. h E = 30 103 star. mi.

V i : 12 399 fps Field of view : 20" V i = 9762 mph

X, nd

_'zz) G.e.t. = 189 hours.

Figure iB.- Continued.
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Figure 18.- Concluded.
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-i0

SEQ _L6 2to _gll _q? .is& 3_2 J77 q,io v73 _llg $07 sot
X _(1 2q 22 -3 10 -J 23 12 0 ..1 -2! -,1,1
y _1 15 lz l_ 9 11 l -li -_ -i o !

SEQ bl_ _a_ _qo _8o
X .6 -6 -_2 -20
Y -li -16 -,t -lq

RE = 5426 n. mi. hE = 2283 stat. mi.

V i = 29 175 fps, Field of view- 10 n° V.= 19 892 mph
r- m %/

:::::::::::::::::::::::::::: ::::::::::::::::::::::::::::::::::::: . •

20 "    iiiiiiiiii  :: 20

i0 - I0

_ • I

Regulus -._,

-20

Pollux "k.

Denebola--_

I t I ..... ,,,,!,,

-20 -I0 0 i0

- 0

- -i0

- -20

20

X, nd

-<

,.¢
¢3.

(a) 15 rain prior to entry (g.e.t. = 191:35:32.2).

Figure 19.- Entry phase.
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X, nd
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(b)13 rainpriorto entry(g.e.t.= 191:5g:32.2).

Figure ig.- Continued.
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-i0

-2O

SEQ 3el 377 qqo _73 _io b07 S09 SI$ _3S SqO Sq$ Sil I_6
X _q 23 12 0 -3 -2! -Z3 -6 . -b -2Z 2q 7 9
Y o9 a 2 • 2 2 7 _i -z -7 3 -21 -_a -21

SEQ bTU big b82 be3 6|g 62q 6b|
X "L -19 .8 U -lb -17 -2_
y 017 -& 016 -:q -19 020 019

RE = 4756 n. mi. hE = 1512 star. mi.

V i = 31 168 fps Field of view : 100 ° V i : 21 251 mph

_ !iiiiii!iiiiii!iiiiiiiiiiiiiiiii :i' ii!iiiiiiiiiiii!i i!iii!iiii   ,:,::

• / //

Denebola--_

Moon%

Arcturus --_
B•

t I

-2 0 -i 0

Spica-x_ ......... I ........ I ....

0 10 20

X, nd

2O

10

-<

0 =

-10

-20

(c) ii rain prior to entry (g.e.t. -- 191:39:32.2).

Figure 19.- Continued.
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SEQ .177 qqO q?J _SQ r-07 509 Slb _3E SqO Sq5 551 566 $69
X

_4 12 0 -.1 "21 -,?,q "6 ..E -22 2.1 7 9 21,
Y 12 7 7 8 11 12 2 .2 7 .18 -12 -t6 -29

SE_ 579 b_ o bs2 _=9 S9,1 S,9S 61D 62q 6b|
X -I -19 -8 ,3 0 6 -IS -17 -Z2
Y -12 -2 -11 -:_3 -19 -22 -lq -16 -IS

RE : 4446 n. mi. hE = 1247 stat. mi.

V i -- 32 242 fps Field of view- 100 ° V. = 21 983 mph
, • , _ , m |

20 i ' _`i_ii_:_:!:_:_!_::::!i::_!iii::_::iii::i::ii_i::_i_i!::i::_::_i!_:i_!_::!ii_!iii_:_::!i_i!_i_::_::ii!ii_iiiii::_:_!_iii_iiii_i::_:!::i_ii!::_:ii!::_::ii::_i_!_::!::i!i_!_i::_::ii!_:i::i::::::::_::_::_ii::;i!i!::ii!i_::!::!iii:' ' ' " 20

///C-. - 'I0 - Alphard--_ -- i0

Regulus

-I0

-20

i

A:*uro,,,,,.•

-20

Denebola--_

• Gienah-_

Spica-._

... I ........ I ..... I

-10 0 10

- 0

- -i0

--2o

X, nd

-<

O_

(d)9 min priorto entry (g.e.t._ 191:41:32.2).

Figure 19.- Continued.



136

e-
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20

10

0

-i0

-2O

x !2 o ,,3 -az -6 -s ..23 22 7 2q I 20 ei
v 13 IN /-q Ib • _ 12 ,,i.l -6 -16 ,,9__-IS ,,S

SKa- SIJO f_a kiJ9 be,) 595 r.99 610 617 6a& 6aq 651 &16J,---.7.a,O_
X *19 -is 12 0 S 20 "iq 23 lO 016 02J eJ. "16
T 2 "b 017 012 -lb 020 08 023 o21 010 "JO o2J e4_T

R E = 4161 n. mi. hE = 819 $tat.mi.

V i = 35 550 fps Field of view = 100 ° V. = 22 725 mphI

__• • __//_/ //_/Reg'ulus

2O

- i0

- -10

- -20

_ Arcturus-_ k

• Gienah--_

Spica-._

Menkent---_

I " I I I

-20 -i0 0 i0 2O

X, nd

0 =

(e) 7 rain prior to entry (g.e.t. -- 191:45:52.2).

Figure 19.- Continued.
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SEC). SIS S3,S SqO Sqs SSl S6I $66 ,_69 S7O STq SIlO $8 Z S§ 9 $93 S9t

X -ul- ....-@ -_2"q--2"'I- -8- 23 .......ll"-_- -_'I -2q -ZQ-- --B- - 12 ...._ I_

y IS 10 17 -7 0 -I0 "2 "9 1 "12 9 1 -10 -S -1

SEQ $99 610 617 621 62q 6ql 6q 3 6qs 6yl 6SS 660 673 b88 690 700

X 19 -|q 22 lO "16 12 21 1'4 ";21 "1 12 "& I0 "2q ateJ

Y -lq "1 -17 "lq -q -18 -20 °19 -q °i6 -20 -17 -23 ',,V -I 7

R E = 3910 n. mi. hE = 540 stat. mi.

V i = 34 384 fps Field of view = 100 ° V i = 23 444 mph

2O

lO

• • G Ienah-.-,,_
-- X

r-

>:

-10

-2O

._i"Alphecca

Menkent "-x%

Beta Crucis --_

• • . Rigil-_"

.... t ......... ] ......... I ......... T, , ....... _ ....

-20 -10 0 10 20

- 20

- I0

- -I0

X, nd

.<

0 =

-2O

(r") 5 rain prior to entry (g.e.t. = 191:45:32.2).

Figure 19.- Continued.
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SEQ _ SSI $61 _6b _69 t70 _Tq $8Q _82 s89 $9_ $9S $99
X _l 7 22 8 19 "1 23 020 08 12 0 S 18
y 0 8 -N b -2 9 -S 16 10 -2 2 O 07

SEQ elo 617 621 6=q 6ql 6q3 6qs 65| 6bs 660 673 688
X "|q 21 9 "16 11 20 13 o2| "1 1l ot 9

L -IQ .6 J -10 -13 -11 2 -7 -12 -9 .jJ
Y

SEQ ,ca 7flQ 717 _19 72N 7_& 7q3 7qs 1sl 7s3 7s7 769 770
X -_] -I_ 1 u -2 o o -23 1 -8 23 q -6
y .3 -9 -16 -l& -la -19 -20 -11 .20 -19 -20 -22 023

SEQ 79t 8ua
X -Z2 -iS
y -zL -zq

RE= ?,706 n. mi.

V. = 35 325 fps
I Field of view = I00 °

.... ::::::::::::::::::::::::::::::::::::::........ ::::::::::::::::::::::::::.......

i:i:i:!!iii!i'iii_i!i!ii!i!iiiii!iiii!i:i:i:!i:i.........

2O

10

/loon

G ienah
10

"0
e-

>:

-20

Arcturus-_

o

/ Alphecca

- ,,/--Rasal ha.que

-20

Beta Crusis -_

Atria--_.

I ......... I ......... I ....

0 I0 20

X, nd

-<

0 =
Q..

-10

-20

(g) 5 min prior to entry (g.e.t. = 191:47:32.2).

Figure 19.- Continued.
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2O

-i0 . Antares-_,

jr-- Rasalhague

-2O

i ........ .1" " I I

-I0 0 I0 20

X, nd

I0

-<

0 =

(h)1 rainpriortoentry(g.e.t.= 191:49:32.2).

Figure 19.- Continued.
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10

0

-10

-2O

li4o
_*
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(i) Entry interface (g.e.t. = 191:50:32.2).

Figure 19.- Concluded.
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